Background: Although current American guidelines distinguish proton pump inhibi-
1 | BACKGROUND Although a close relationship between eosinophilic oesophagitis (EoE) and proton pump inhibitor-responsive oesophageal eosinophilia (PPI-REE) has long been hypothesised, 1 American guidelines for eosinophilic oesophagitis have distinguished PPI-REE from EoE. 2, 3 Since then, extensive evidence has shown that, other than by proton pump inhibitor-response, these entities are mostly indistinguishable by clinical presentation, 4-9 endoscopic appearance [4] [5] [6] [7] 9 and histology. 4, 5, 7, 9 The one exception is patients with more florid 4 or more extensive 10 oesophageal eosinophil infiltrates are modestly less likely to be PPI-responsive. A recent European task force concluded that PPI-REE is highly similar to EoE and potentially an EoE treatment variant. 11 Their main qualm was that it
had not yet been shown that PPI-REE cases respond to dietary exclusion and thus antigen-induced immune responses. Shortly thereafter, 2 studies showed that proton pump inhibitor-responsive cases can also respond to food exclusion. 12, 13 In addition to reducing gastric acidity (which reduces acid-related effects including altered permeability), PPIs, via Signal Transducer and Activator of Transcription 6 (STAT6), inhibit synthesis of eotaxin-3, 14,15 the dominant EoE chemokine.
Prior microarray-based gene expression studies comparing PPI-REE and EoE showed modest differences in the transcriptome, but these studies were either limited to 94 transcripts 16 or studied a limited number of subjects (6 PPI-REE and 4 EoE). 17 Wen et al 16 found
that potassium voltage-gated channel subfamily J member 2 gene (KCNJ2) was a potential distinguishing factor in a study with 33 EoE and 28 Pre-PPI-REE subjects. The other study failed to identify this transcript as 1 of 35 transcripts found to be differentially regulated. 17 To our knowledge, neither study assessed MAPK8IP2 gene (C-jun-amino-terminal kinase-interacting protein 2).
Proton pump inhibitor-responsive oesophageal eosinophilia is worthy of study because it is a common finding. In prospective studies of patients presenting with oesophageal eosinophilia (≥15 eosinophils/maximal high power field [abbreviated as eos/HPF]), 36%-69% of patients have <15 eos/HPF after proton pump inhibitor therapy. 4, 9, [18] [19] [20] [21] RNA sequencing (RNA-Seq) quantifies a large dynamic range of gene expression levels, improving the ability to detect differential expression. We hypothesised that although PPI-REE is closely related to EoE, there still could be transcriptome differences between them. We sought to further examine whether there are previously undetected differences between these 2 groups. Sequencing reads were aligned to the GRCh37/Hg19 human reference genome using the Novoalign application (Novocraft, Selangor, Malaysia). The mean aligned read counts for the 41 formalin-fixed, paraffin-embedded RNA sequencing data sets was 14.9 million reads.
| ME TH ODS

| Differential expression and clustering
The USeq DefinedRegionDifferentialSeq (DRDS) application was used to count reads intersecting exons of each annotated gene and score them for differential expression using DESeq2 negative binomial statistics with Benjamini-Hochberg adjustments.
22
RNA sequencing data were accepted as differentially expressed if they differed 2-fold or more with an adjusted p/false discovery rate (FDR) of ≤0.01. Visualisation tracks were prepared for each sample group using the USeq application Sam2USeq and viewed using the Integrated Genome Browser (IGB). Hierarchical clustering and principal component analysis were performed using Cluster 3.0 and the R application "rgl", respectively, to identify unique and common patterns of expression across each sample.
| Formalin-fixed, paraffin-embedded data set validation
While RNA yields from formalin-fixed, paraffin-embedded tissues are similar to those of RNAlater-preserved tissue, 23 RNA extracted from formalin-fixed tissue is degraded to smaller fragments (typically peaking at 200-300 bases) than RNA from RNAlater-preserved tissue.
Our validation study compared gene expression using formalin-fixed, paraffin-embedded tissue vs RNAlater-preserved samples. We used Illumina sequencing chemistry based on 50-base pair reads-indicating formalin-fixed tissue would be a viable alternative. We compared 7 formalin-fixed EoE oesophageal biopsies to 6 formalin-fixed controls, and 6 EoE RNAlater-preserved biopsies to 6 RNAlater-preserved normal controls. Our full study formalin-fixed, paraffinembedded EoE and control data sets were similarly compared to those of Sherrill et al ( Figure 1B ) 24 which also used RNAlater-preserved mRNA.
| Real-time quantitative reverse transcription PCR validation
Subtle biological changes could be missed by DESeq2 statistics, so we also examined genes with 2-fold differences that were significant at P < 0.05. Thirty of our 41 RNA-Seq-analysed formalinfixed RNA samples were used in Real-Time Quantitative Reverse Transcription PCR; 11 samples had an insufficient RNA after their use for RNA sequencing. Consequently, our real-time quantitative reverse transcription PCR sample set constituted these numbers per group: 12 EoE, 11 PPI-REE and 7 Control. For these 30 RNAs, total RNA was reverse transcribed to cDNA using the Applied Biosystems High Capacity RNA-to-cDNA Kit. F I G U R E 1 Validation comparing EoE/control expression ratiosformalin-fixed, paraffin-embedded tissues vs RNAlater, and formalinfixed tissues vs a prior study. To validate the ratios of disease to normal RNA extracted from formalin-fixed tissues, we compared the EoE to control log 2 ratios for formalin-fixed, paraffin-embedded extracted RNA to those of well-preserved RNA. Only genes differentially expressed (DE) at the adjusted p/FDR < 0.01 level are used. In each, the formalin-fixed tissue results are on the x axis and well-preserved RNA results on the y axis. A, In a separate, preliminary data set, we compared our EoE formalin-fixed tissue results (n = 7 EoE and 6 controls) vs results from an RNAlater group (n = 6 EoE and 6 controls). There were 1529 differentially expressed genes, with excellent correlation; Pearson product moment correlation r = .96. B, We also compared our full formalin-fixed, paraffin-embedded tissue results (n = 14 EoE and 14 controls) to those of Sherrill et al 24 (n = 10 EoE and 6 controls). There were 624 differentially expressed genes, with very good correlation; Pearson product moment correlation r = .92. Both results are highly significantly correlated (P < 2.2 9 10 À16 for each). EoE, eosinophilic oesophagitis; FDR, false discovery rate Two distinct clusters were observed including normal oesophagus (Cluster 1, blue at right) and combined EoE and PPI-REE oesophagus (Cluster 2, red plus orange, at left), suggesting a lack of appreciable difference between the 2 disease groups. B, Principle component analysis using the same 2247 genes shows 2 distinct sample groups similar to the hierarchical clustering. Principal components 1, 2 and 3 accounted for 14.8%, 5.0% and 4.6% of the variance respectively. EoE, eosinophilic oesophagitis; FDR, false discovery rate; PPI-REE, proton pump inhibitor-responsive oesophageal eosinophilia Relative mRNA levels for KCNJ2, MAPK8IP2 and reference gene, zinc finger DHHC-type containing 5 (ZDHHC5) were determined using intron-spanning TaqMan gene expression assays and TaqMan Gene Expression Master Mix (Applied Biosystems). ZDHHC5 was chosen as the reference gene for our PCRs' relative quantitation based on its moderately high expression level and its lack of shift according to RNA sequencing reads across our sample categories. About 10 lL quantitative PCRs were performed in 384-well plates and run in triplicate in a Life Technologies 12K Flex real-time PCR instrument. Fold change was determined using the ΔΔCT method and statistical significance determined with the Mann-Whitney U test.
| RESULTS
| Clinical studies
In our main cohort, the age and gender were not statistically different among all 3 groups (EoE, PPI-REE and controls, shown in Table 1 ). The tissue eosinophil content and serum IgE of the EoE and PPI-REE groups were also similar, and both groups had similar proportions of other atopic diseases.
| Validation of formalin-fixed vs well-preserved
RNA results
In our preliminary validation study of 6-7 subjects per group, we found very similar gene expression between formalin-fixed and RNAlaterpreserved tissue, as shown by heat map ( Figure S1 ) and in the differential expression expressed as the log 2 ratio fold change for EoE vs controls among genes significantly differentially expressed adj. P/FDR ≤0.01 ( Figure 1A , Pearson product moment correlation r = .96). As an additional validation step, we compared the differential expression between our main study cohort (EoE vs control log 2 ratio fold change) with that of Sherrill et al, 24 the only prior EoE RNA sequencing study.
This showed good correlation ( Figure 1B , r = .92). Our formalin-fixed, paraffin-embedded results had extremely significant correlations with both our RNAlater data and with that of Sherrill et al.
| Main cohort results
Analysis of the main cohort RNA sequencing data showed 1996 genes differentially expressed between PPI-REE and controls, with 1306 genes differentially expressed between EoE and controls.
However, none of the genes were differentially expressed between EoE and PPI-REE at the adj. p/FDR ≤ 0.01 level. Hierarchical clustering and principal component analysis showed no clustering that differentiated EoE from PPI-REE (Figure 2A,B) . E o E ( 1 2 )
E o E ( 1 2 )
Real-time quantitative reverse transcription PCR results for KCNJ2 and MAPK8IP2. For KCNJ2, at top, the EoE cases were 1.30-fold those for PPI-REE, P = 0.37. By RNA sequencing they were 1.36-fold different, FDR = 0.68. For MAPK8IP2, at bottom, the EoE cases were 0.43-fold those for PPI-REE, P = 0.025. By RNA sequencing they were 0.45-fold different, FDR = 0.029. Although the PPI-REE cases were significantly higher, the EoE and PPI-REE ranges broadly overlapped. EoE, eosinophilic oesophagitis; FDR, false discovery rate; PCR, polymerase chain reaction; PPI-REE, proton pump inhibitor-responsive oesophageal eosinophilia
| DISCUSSION
In short, our results show that the EoE and PPI-REE transcriptomes are nearly identical, with no significant differences at the FDR ≤0.01 significance level. Only a single gene, MAPK8IP2, was different at the FDR ≤0.05 significance level, a finding that was confirmed by real-time quantitative reverse transcription PCR. To our knowledge, this is the first published RNA sequencing study comparing PPI-REE with EoE.
As previously mentioned, our findings fit well with the many studies showing that PPI-REE and EoE are highly related and, by many measures, indistinguishable. [4] [5] [6] [7] [8] [9] Prior microarray-based studies also found relatively modest differences. 16, 17 Strengths of this study are that it is the first RNA sequencing comparison of moderately large numbers of EoE and PPI-REE samples and that the eosinophil contents were matched in both groups.
By using formalin-fixed tissue, we could confirm that the tissue was representative and avoid using cases with contaminating gastric or other spurious tissue, or deep subepithelial tissue, problems that were present in 33% of our cases. In a recently published study, 43% of biopsies contain deep tissue. 25 Recently described static jaw biopsy forceps allow a far higher rate of subepithelial sampling. 26 We only studied subjects not taking proton pump inhibitors at the time of biopsy. Additionally, we compared groups of subjects that did not differ statistically from one another in regard to their oeso- To our knowledge, this gene was not examined in the prior, microarray-based studies. 16, 17 MAPK8IP2 has been identified in a panel of genes predicting clinical reactivity to food sensitivity. 28 In a murine model, it was upregulated on induction of Tregs. 29 We found no significant difference between KCNJ2 gene in PPI-REE and EoE, which was previously identified as differentially expressed in Wen et al 16 but not Shoda et al. 17 Our care to avoid proton pump inhibitor-treated subjects and gastric or deep tissue contamination could have contributed to the difference in our findings. As mentioned above, when so many genes are analysed, it is difficult to exclude rare possible false positive findings.
These results emphasise the similarities between EoE and PPI-REE.
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